Objective: To evaluate the effectiveness of Plai oil for treating myofascial pain syndrome. Material and Methods: One hundred and fourteen volunteers with muscle pain from myofascial pain syndrome participated in the study and had Plai oil, placebo oil and diclofenac gel applied to their shoulder and neck for 6 days. Clinical evaluation was determined using visual analogue scales, pressure threshold and cervical range of motion of neck flexion and neck extension measurements.
the effectiveness of Plai in clinical studies. Plygesal cream containing 14.0% Plai essential oil showed an obvious effectiveness in ankle inflammation treatment 10 , a result that correlates well with a recent clinical study that reported the effectiveness of an emulsion containing 14.0% essential Plai oil for decreasing muscle soreness after exercise. 11 For a long time, Thai traditional medicine has used Plai oil for treating muscle inflammation and arthritis. Doctors of Thai traditional medicine have prepared Plai oil by frying the fresh rhizomes of Z. montanum 12 together with plant fixed oil. Plai oil, a yellowish oil, is usually used for muscle pain treatment in combination with Thai massage. Plai oil has been listed in the National List of Essential Medicine published by the Ministry of Public Health, Thailand which recommends Plai oil for treating muscle and joint inflammation. Although the Plai oil preparation method has been suggested for a long time, the medicinal effectiveness of Plai oil has never been clinically evaluated. Hence, the objective of this study was to evaluate the safety and effectiveness of Plai oil prepared using the Thai traditional method. The effectiveness of the formulations as a muscle pain treatment was evaluated using visual analogue scales, an algometer, and an inclinometer.
Introduction
Zingiber montanum (Z. montanum) (J.Koenig) Link ex A.Dietr. is a traditional herb that has been used for treating muscle pain and inflammation. In Thailand, Z. montanum also known as Plai, is used in traditional Thai medicine and has several applications. 1, 2 Plai is the main ingredient in Thai herbal compresses that are used for treating muscle pain, particularly in combination with Thai massage. 3 Many reports have revealed that Plai is composed of several compounds that demonstrate anti-inflammatory activity. These bio-active compounds include curcuminoids, terpenoids and phenylbutaniods which are prominent in the essential oils and crude extracts from Plai rhizomes. [4] [5] [6] Phenylbutaniods are important components that possess anti-inflammatory properties, particularly (E)-4 (3',4'-dimethyl-phenyl) but-3-en-1-ol (compound D), and (E)-1-(3,4-dimethoxyphenyl) butadiene (DMPBD). 4 Previous reports indicated that phenylbutaniod derivatives from Plai rhizomes show anti-inflammatory activity with mechanisms similar to non-steroidal antiinflammatory drugs (NSAIDs). 4, 7 DMPBD and compound D have been reported as being effective in mice in treatments involving the inhibition of inflammation induced by carrageenan and diethyl phenylpropiolate. 8, 9 The results from both in vitro and in vivo studies have suggested that the possible mechanisms were the inhibition of prostaglandins synthesis and the decrease of inflammatory mediator migration. Considering the potential of antiinflammatory activity, researchers have attempted to prove organic farm, Phetchaboon province, Thailand. Organic solvents used in this study were analytical reagent grade, purchased from Labscan (V.S. Chemhouse, Thailand). Palm oil (Oleen ® , Thailand) was purchased from the market in Phitsanulok province.
Plai oil preparation
The fresh rhizomes of Z. montanum used in the study were chopped into tiny pieces and then fried with palm oil until they were brownish and crunchy. The frying time was approximately 1 hour. The yellowish oil was purified by paper filtration, and the filtered Plai oil was kept in a cool place and protected from light. The ratio of fresh rhizomes and palm oil was 1:3 weight by weight.
Oil formulations
The oil formulations that were used in the clinical study were prepared in 2 formulations, with one to be used as a placebo; the ingredients of each are shown in Table 1 . One hundred and fourteen volunteers aged between 18-60 years participated. All participants gave their written informed consent. The inclusion criteria were simply that the volunteer had been diagnosed with myofascial pain by a doctor of Thai traditional medicine. The trigger points of pain were localized at the neck and shoulder areas. The exclusion criteria: the volunteers could not be pregnant or currently using anti-inflammatory drugs. The volunteers were allocated into 3 groups by block randomization (38 volunteers per group): group 1, Plai oil; group 2, placebo oil; and group 3, 1.0% diclofenac gel. For all the groups, a dose of 4 grams of the oils or gel was gently rubbed into the neck and shoulder areas for about 5 minutes until the oils or gel were not visible. The volunteers were similarly instructed to apply the oils or gel twice a day for 6 days (morning and evening). During the study period, volunteers were evaluated on day 3 and day 6. The remaining oil or gel was recorded along with their weight at every follow-up for monitoring volunteer compliance.
Clinical evaluation
All of the volunteers were evaluated for muscle pain using a visual analogue scale in the range from 0 to 10 (0 indicating no pain, 10 indicating worst pain). The trigger points were found in the pain area and the pain severity was measured using an algometer (Wagner Instruments, Greenwich, USA); the pressure threshold measurement of the trigger point represented the muscle pain. Muscle tension was assessed by measuring the cervical range of motion of the neck, with the angles of cervical motion determined in 2 directions; neck flexion Clinical study process This study was performed at the Tikitchavej Thai Traditional Medicine Clinic in the Department of Thai Traditional Medicine, Sirindhorn College of Public Health, Phitsanulok, Thailand. The study was approved by the Ethic and neck extension, to access the volunteer's muscle tension, and were measured using an inclinometer. All parameters were evaluated at the starting time, and then were compared at each follow-up, with the exception of the visual analogue scales where the starting time values were compared at the end of the study. Skin irritation was also observed during the study period. Paired sample t-test was used to compare the baseline and post-treatment changes in outcome variables in each group. Analysis of covariance was used to detect any statistically significant differences in the improvement between the three groups.
Results
There were 114 volunteers enrolled in this study. The general characteristics of volunteers who were recruited in the study are presented in Table 2 . The study process was performed according to Figure 1 . No volunteer had skin irritation during the study period.
Visual analogue scale
Muscle pain was subjectively identified using a visual analogue scale. At the starting time, the muscle pain scores were not significantly different among the 3 groups at the baseline. Table 3 shows that both of the oil formulations stated in Table 1 , and the diclofenac gel, showed a significant decrease in visual analogue scale 
The pressure threshold measurement
The trigger points presenting pain severity were measured using an algometer that showed the value. The severity of muscle pain showed an inverse relationship with the pressure threshold force from the algometer. 13, 14 Muscle pain severity as assessed by the pressure force from the algometer of each treatment group is presented in Figure 2 . The results indicate that Plai oil significantly increased the pressure threshold at the second followup (T1) when compared to the baseline (T0) while the placebo oil did not increase that value until the last followup, on day 6. The volunteers who applied the diclofenac gel showed a significant increase (p-value<0.05) in pressure threshold values at the end of the study. Due to significantly different of pressure threshold at baseline, the correlation of pressure threshold analyzed by analysis of covariance at the last follow-up indicated that no significant difference of pressure threshold between 3 groups on day 6.
VAS=visual analogue scale, T0=baseline, T1=first follow-up, T2=second follow-up Table 4 . The table shows that the volunteers who applied Plai oil achieved a significant increase in the angles in both neck flexion and extension over the baseline at the day 3 follow-up. The results from the placebo oil group were also significantly different in both directions from baseline. The increase of cervical angle of volunteer applying placebo or Plai oils still shows significantly different from baseline until day 6 follow-up. Interestingly, the significant difference of cervical range angle between baseline and treatment of volunteer achieved the placebo oil or Plai oil was not evident in diclofenac gel group. 
Discussion
The current study revealed that Plai oil that was prepared by frying the rhizomes with plant fixed oil showed significant effectiveness for relieving muscle pain in the volunteers who suffered myofascial pain syndrome. The muscle pain evaluation of the volunteers was that all 3 formulations were significantly effective as a muscle pain treatment. Result of VAS score indicated that all of the volunteers evaluates the decrease of muscle pain after applying the formulations for 6 days. Although Plai oil and diclofenac gel showed the effectiveness in muscle pain treatment, placebo oil also decreased muscle pain when comparing with baseline. Normally, the decrease in muscle pain as a result of the inhibition of cyclooxygenase (COX) enzymes, prostaglandins synthesis is decreased and the inflammation process is then limited. Plai oil is composed of (E)-1-(3,4-dimethoxyphenyl) DMPBD, (E)-1-(3,4-dimethoxyphenyl) compound D and curcumin those present strong inhibitors of COX. 7, 8, 15 It is well known that those compounds have an anti-inflammatory effect of reducing the activities of COX-2, lipoxygenase, inducible nitric oxide synthase and inflammatory cytokines. 15 Previous clinical studies of topical formulations of Plai cream performed by essential oil of Z. montanum confirm that volunteers reported the effectiveness of Plai applications as a muscle pain treatment. 11, 16 Diclofenac sodium is the NSAIDs that relieves muscle pain by inhibiting the activity of COX influencing prostaglandins synthesis in the arachidonic acid metabolism pathway. In the case of the placebo oil, the volunteers also evaluated the placebo oil as giving significant relief to muscle pain when compared to the baseline. It is most likely that 5.0% methyl salicylate incorporated in the placebo oil decreases the muscle inflammation by inhibiting the synthesis of proinflammatory cytokines, such as interluekin-1 beta and tumor necrosis factor-alpha; moreover, methyl salicylate can increase local blood circulation by a counterirritant property; which has been attributed to the activation and desensitization of the cutaneous nerve. Thus the muscle pain is reduced 17, 18 , and the warm feeling experienced and skin desensitization which occurs when applying methyl salicylate and aroma oil to the skin could help the volunteer with pain relief. However, the Food and Drug Administration of the United States of America recommends that 10.0% methyl salicylate incorporated into the topical patch can give the effectiveness in muscle pain treatment when covering the inflammation site for 1 hour 17 , and thus so the application of 5.0% methyl salicylate was not enough to alter the trigger point within the short time period. Hence, the pressure threshold of the trigger point of volunteers in the placebo group was not different from the baseline. In addition, the pressure threshold determined by an algometer indicated that both the Plai oil formulations and the diclofenac gel increased the pressure threshold after application, with the Plai oil significantly increasing the pressure threshold within 3 days. The increase in the pressure threshold implies an improvement in the level of muscle pain. 13, 19 Our current study showed the effectiveness of diclofenac gel as a muscle pain treatment to be significant after 6 days of the treatment program. A few studies have indicated that the chemical components of Z. montanum, particularly compound D, presented antiinflammatory activity similar to diclofenac. 7 According to VAS score, Plai oil, placebo oil and diclofenac gel may decrease muscle pain effectively with mechanism mentioned first, however the pressure threshold of volunteer from placebo groups at the last follow-up was not significantly different when comparing to baseline. On the contrary, the pressure threshold at the last follow-up of each group also was not significantly different. The discrepancy in the results might be due to the efficacy of 3 the formulations for altering the trigger point being no different. Being incorporated, the Plai oil in the formulations did not show a more advantageous effect on muscle pain than the placebo oil.
Although the active compound of Z. montanum is identified as an anti-inflammatory agent, the chemical components and their stability, particularly compound D, of Plai oil applied by the traditional process have not been fully identified. There was a finding that compound D was more degraded when exposed to high temperatures. 20 The efficacy of both oil formulations may be caused by methyl salicylate.
The cervical range of motion can be used to identify muscle tension. A patient who has myofascial pain usually presents with limited cervical range angles due to muscle tension and inflammation. 21 Neck flexion and extension were significantly increased from the baseline with both the Plai oil and the placebo oil. Both oil formulations showed effectiveness for muscle relaxation that was accessed by increasing the angles of neck flexion and extension while the diclofenac gel did not show a significant difference from the baseline. The discrepancy in the results may be caused by the method of applying the oils and gel by the volunteers in the 3 groups. According to volunteer's comment, after applying the oil formulation, the volunteers often self-massage at the application site in order to enhance the absorption, whereas the gel formulation is quite dry and does not require the self-massaging process. As massage is an effective method for decreasing muscle tension 22, 23 , the self-massage activity of the oil formulation volunteers may well have had an effect. 24 
Conclusion
Plai oil was demonstrated as being effective for relieving myofascial pain. It reduced the trigger point formation within 3 days after the first application. Our results indicated that the application of Plai oil significantly decreased the muscle pain in the volunteers from the baseline at both the 3 days follow-up and after 6 days. Plai oil was also shown to diminish muscle tension by increasing the ability for muscle stretching. Muscle pain treatment with Plai oil was most satisfactory, as was the diclofenac gel, except that the diclofenac gel did not have the effect of decreasing muscle tension. However, the effectiveness of Plai oil is not fully clarified due to the placebo effect, muscle pain relief may be cause from other ingredients in formula particularly methyl salicylate. The active components of Plai oil has to be further studied for clarifying the effectiveness of Plai oil in muscle pain treatment.
